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Abstract

Objective: To further investigate the role of prior medical conditions and medication use in the etiology of non-
Hodgkin lymphoma (NHL), we analyzed the data from a population-based case–control study of NHL in
Connecticut women.
Methods: A total of 601 histologically confirmed incident cases of NHL and 717 population-based controls were
included in this study. In-person interviews were administered using standardized, structured questionnaires to
collect information on medical conditions and medication use.
Results: An increased risk was found among women who had a history of autoimmune disorders (such as
rheumatoid arthritis, lupus erythematosus, Sjogren’s syndrome, and multiple sclerosis), anemia, eczema, or
psoriasis. An increased risk was also observed among women who had used steroidal anti-inflammatory drugs and
tranquilizers. A reduced risk was found for women who had scarlet fever or who had used estrogen replacement
therapy, aspirin, medications for non-insulin dependent diabetes, HMG-CoA reductase inhibitors, or beta-
adrenergic blocking agents. Risk associated with past medical history appeared to vary based on NHL subtypes, but
the results were based on small number of exposed subjects.
Conclusion: A relationship between certain prior medical conditions and medication use and risk of NHL was
observed in this study. Further studies are warranted to confirm our findings.

Introduction

The incidence of non-Hodgkin lymphoma (NHL) has
been increasing in Connecticut and in many other parts
of the world [1,2]. The risk factors responsible for the
observed increase, however, are largely unknown. Var-
ious medical conditions (such as primary or acquired
immunosuppression, autoimmune disorders, diabetes,
skin conditions, and allergy [3–22]) and medications

(such as oral contraceptives, estrogen replacement
therapy, anti-convulsant drugs, tranquilizers, antibiot-
ics, aspirin, thyroid medication, various steroids, digi-
talis, and antacids [11, 13, 20, 23–29]) have been
reported to increase the risk of NHL in epidemiologic
studies. However, other than conditions or treatments
associated with immune alterations, the results have
been inconsistent. For example, eczema was linked to an
increased risk of NHL in some studies [9–12], but not in
another study [13]. Psoriasis was found to be associated
with NHL risk in some studies [7, 14–16], but not in
other studies [11, 17, 18]. Estrogen use was reported to
increase NHL risk in two studies [13, 19], but not in two

*Address correspondence to: T. Zheng, 129 Church Street, Suite

700, New Haven, CT 06510. Ph.: +1-203-785-2882; Fax:+1-203-764-

9782; E-mail: tongzhang.zheng@yale.edu

Cancer Causes and Control 15: 419–428, 2004. 419� 2004 Kluwer Academic Publishers. Printed in the Netherlands.



other studies [20, 23]. Thus, further examination of the
association between past medical history and NHL risk
is clearly warranted.
While further study of medical history in NHL is

warranted, it is also important to examine the risk of
NHL by subtypes, in view of the etiologic heterogeneity
of these tumors [30]. In this study, we analyzed the data
from a large population based case–control study in
Connecticut women.

Materials and methods

Study population

Incident NHL female cases aged 21–84 were identified
and histologically confirmed (ICD-O, Second Edition
(31), M-9590-9595, 9670-9687, 9690-9698, 9700-9723) in
Connecticut. Subjects were restricted to women who had
no previous diagnosis of cancer, with the exception of
non-melanoma skin cancer, and who were alive at the
time of interview. A total of 1122 potential cases
diagnosed between January 1996 and June 2000 were
identified through the Yale Cancer Center’s Rapid Case
Ascertainment Shared Resource (RCA), an agent of the
Connecticut Tumor Registry (CTR). The Connecticut
Public Health code requires reporting of cancers from
licensed hospitals and clinical laboratories to the CTR.
RCA field personnel are assigned geographically to
survey all of the state’s non-pediatric hospitals to
identify newly diagnosed cases. Information on cases
identified in the field is regularly sent to the RCA data
entry staff, where the case’s demographic data are
entered, verified and screened against the CTR database.
The CTR has reciprocal reporting agreements with
cancer registries in all adjacent states and Florida to
identify Connecticut residents with cancer diagnosed
and/or treated in these states. Of these 1122 potential
cases, 167 (15%) died before interview and 123 (11%)
were ineligible due to previous diagnosis of cancer,
unable speak English, or physician refusal. Of 832
eligible and living cases, 601 (72%) completed in-person
interviews with a mean time between diagnosis and
interview of three months.
To provide accurate and consistent histological clas-

sification of cases, pathology slides (or tissue blocks)
were obtained for NHL cases from the pathology
departments where the cases were diagnosed. Each
specimen was independently reviewed by two study
pathologists (Drs. Flynn and Tallini), who are experi-
enced in the diagnosis of lymphoma. If there was
disagreement between the two pathologists, they worked
together until a consensus was reached. If a consensus

could not be reached, the subject was assigned as an
unspecified NHL case. NHL cases were classified
according to both Working Formulation and REAL
classification systems [30]. The REAL classification
system was used in this paper for NHL subtype
analyses.
Population-based controls with Connecticut addresses

were recruited using random digit dialing (RDD)
methods for those below age 65, and Centers for
Medicare and Medicaid Service (CMMS) files for those
aged 65 and over. The participation rate was 69% for
RDD controls, including the initial telephone screening,
and 47% for CMMS controls. Cases and controls were
frequency matched by age within five-year groups by
adjusting the number of controls randomly selected in
each age stratum every few months.

Interviews

All procedures were performed in accordance with a
protocol approved by Human Investigation Committees
at Yale University, the Connecticut Department of
Public Health, and the National Cancer Institute. After
approval by the hospitals and by each subject’s physi-
cian (for cases), or following selection through random
sampling (for controls), potential participants were
approached by letter and/or by phone. Subjects who
agreed to participate were interviewed by trained study
interviewers either at the subject’s home or at a
convenient location. A standardized, structured ques-
tionnaire was used to obtain information on medical
history and other major known or suspected risk factors
that might confound the association between prior
medical conditions and medication use and risk of
NHL.
Since current medical condition and/or medication

use may reflect the preclinical manifestation of NHL, or
part of the treatment of the symptoms caused by NHL,
past medical conditions and medicine use data were
restricted to those that occurred one year before diag-
nosis for cases or one year before interview for controls.
Using a list of 36 medical conditions, subjects were
asked whether they had been diagnosed with each
condition by a physician prior to one year ago; if so,
subjects were asked the year and age at which the
condition was first diagnosed. An open-ended question
was used to ask whether the subject had taken any
medicine at least once a day for a period of six months
or longer previous to one year ago. If yes, the age at first
and last use, and the total months of use of the medicine
were also ascertained.
During the interview, we collected information on

other potential confounding factors, including family

420 Y. Zhang et al.



history of cancer, diet, occupation, tobacco use, alcohol
consumption, blood transfusion history, menopausal
status, and demographic factors. Dietary information
was collected using a scannable semi-quantitative food
frequency questionnaire developed and validated at the
Fred Hutchinson Cancer Research Center.

Data analysis

Prior medication use was categorized into groups based
on the published literature. Duration of use for each
medication group was divided into tertiles based on the
distribution of controls. Unconditional logistic regres-
sion was used to estimate the association of prior
medical condition and medication use with risk of NHL
overall and by histological type, immunologic type, and
tumor grade. Potential confounding variables included
in the final model were age, body mass index (BMI),
menopausal status, and family history of NHL in first-
degree relatives. Adjustment of other variables, such as

race, education, tobacco use, or alcohol consumption,
did not result in material change of the observed
associations, and thus were not included in the final
model. Odds ratios (OR) and 95% confidence intervals
(95% CI) were calculated using SAS statistical software.

Results

Table 1 presents the distribution of selected character-
istics for cases and controls. More cases reported a
family history of NHL and higher BMI than controls.
Controls, on the other hand, had a slightly higher level
of education and alcohol intake than cases. No other
factors showed a material difference between the cases
and controls.
Table 2 presents selected prior medical conditions and

risk of NHL. Autoimmune disorders as a group were
associated with significantly increased risk of NHL (OR:
2.2, 95% CI: 1.3, 3.7). Women with anemia also

Table 1. Selected baseline characteristics of NHL cases and controls among Connecticut women

Cases Controls

n % n %

Age (years)

<50 119 19.8 155 21.6

50–70 277 46.1 317 44.2

>70 205 34.1 245 34.2

Race

White 571 95.0 667 93.0

Black 18 3.0 25 3.5

Others 12 2.0 25 3.5

Family history of NHL

No 592 98.5 713 99.4

Yes 9 1.5 4 0.6

Tobacco smoking

No 270 44.9 323 45.0

Yes 331 55.1 394 55.0

Alcohol drinking

No 230 38.2 233 32.5

Yes 371 61.8 484 67.5

Education level

High school or less 261 43.4 265 37.0

College or higher 340 56.6 452 63.0

BMI (kg/m2)

<25 298 49.6 404 56.4

25–29.99 187 31.1 199 27.7

‡30 116 19.3 114 15.9

Menopausal status

Yes 513 85.4 556 77.6

No 88 14.6 161 22.4
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experienced a 30% increased risk compared to women
without anemia (OR: 1.3, 95% CI: 1.0, 1.7). Women
with scarlet fever had a 40% significantly reduced risk of
NHL (OR: 0.6, 95% CI: 0.4, 0.8).
Table 3 presents the results for selected prior medical

conditions associated with NHL subtypes (selected based
on overall ten or more exposed cases and controls, and at
least one 95% confidence interval excluding null value
1.0). Autoimmune disorders were associated with an
increased risk of B-cell NHL (OR: 2.1, 95% CI: 1.2, 3.7),
other immunologic NHL (OR: 3.6, 95% CI: 1.6, 8.2),
follicular lymphoma (OR: 3.1, 95% CI: 1.5, 6.5), and

diffuse large B-cell lymphoma (OR: 2.1, 95% CI: 1.0,
4.3). Eczema and psoriasis were associated with an
increased risk of T-cell NHL (OR: 2.5, 95% CI: 1.1, 5.7;
OR: 3.7, 95% CI: 1.3, 10.6, respectively). Various disc
diseases showed an increased risk of T-cell NHL (OR:
3.1, 95% CI: 1.1, 9.0) and marginal zone B-cell lym-
phoma (OR: 3.0, 95% CI: 1.0, 9.5). On the other hand,
scarlet fever was associated with a reduced risk of B-cell
NHL (OR: 0.5, 95% CI: 0.3, 0.8) and B-cell chronic
lymphocytic leukemia (OR: 0.3, 95% CI: 0.1, 1.0).
Table 4 presents the results for medication use and

risk of NHL. The longest use of steroidal anti-inflam-

Table 2. Prior medical conditions and risk of NHL among Connecticut women

Medical conditions Cases Controls ORa (95% CI)

Autoimmune disorders 43 23 2.2 (1.3–3.7)

Anemia 119 121 1.3 (1.0–1.7)

Infectious mononucleosis 36 38 1.2 (0.7–2.0)

Bronchitis 195 229 1.0 (0.8–1.3)

Tuberculosis 10 14 0.9 (0.4–1.9)

Urinary tract infection 224 299 0.8 (0.7–1.0)

Eczema 60 62 1.3 (0.9–1.9)

Psoriasis 22 24 1.1 (0.6–2.0)

Carbuncles 12 5 2.6 (0.9–7.5)

Shingles 36 53 0.8 (0.5–1.2)

Gout 16 27 0.6 (0.3–1.1)

Various disc diseases 33 24 1.6 (0.9–2.8)

Hay fever 96 112 1.0 (0.8–1.4)

Rheumatic fever 11 21 0.6 (0.3–1.2)

Scarlet fever 43 82 0.6 (0.4–0.8)

Asthma 57 66 1.0 (0.7–1.4)

a Adjusted for age, BMI, menopausal status, and family history of NHL in first degree relatives.

Table 3. Selected medical conditions and risk of NHL subtypes among Connecticut womena

NHL

subtype

Autoimmune disorders Various disc diseases Eczema Psoriasis Scarlet fever

Ca/Cob ORc(95% CI) Ca/Cob ORc(95% CI) Ca/Cob ORc(95% CI) Ca/Cob ORc(95% CI) Ca/Cob ORc(95% CI)

Immunologic cell type

B-cell 33/23 2.1(1.2–3.7) 25/24 1.6(0.9–2.8) 40/62 1.1(0.7–1.6) 13/24 0.8(0.4–1.6) 32/82 0.5(0.3–0.8)

T-cell 1/23 0.6(0.1–4.4) 5/24 3.1(1.1–9.0) 8/62 2.5(1.1–5.7) 5/24 3.7(1.3–10.6) 6/82 1.3(0.5–3.2)

Other 9/23 3.6(1.6–8.2) 3/24 1.0(0.3–3.6) 12/62 2.0(1.0–3.9) 4/24 1.5(0.5–4.5) 5/82 0.5(0.2–1.2)

REALdclassification

B-CLL 3/23 1.4(0.4–4.9) 3/24 1.5(0.4–5.3) 5/62 1.0(0.4–2.6) 1/24 0.4(0.1–3.4) 3/82 0.3(0.1–1.0)

FL 13/23 3.1(1.5–6.5) 9/24 2.0(0.9–4.4) 10/62 0.9(0.4–1.7) 3/24 0.6(0.2–2.1) 11/82 0.7(0.4–1.3)

MZBL 1/23 0.6(0.1–5.0) 4/24 3.0(1.0–9.5) 3/62 1.1(0.3–3.9) 2/24 1.6(0.4–7.3) 1/82 0.2(0.0–1.3)

DLBL 14/23 2.1(1.0–4.3) 9/24 1.3(0.6–3.0) 19/62 1.3(0.7–2.3) 4/24 0.6(0.2–1.9) 14/82 0.6(0.4–1.2)

a Selected based on overall 10 or more exposed both cases and controls, and at least one 95% confidence interval of NHL subtypes excluding

null value 1.0.
b Number of cases and controls.
c Adjusted for age, BMI, menopausal status, and family history of NHL in first degree relatives.
d B-CLL – B-cell chronic lymphocytic leukemia; FL – Follicular lymphoma; MZBL – Marginal zone B-cell lymphoma; DLBL – Diffuse large

B-cell lymphoma.
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matory drugs was associated with an increased risk of
NHL (OR: 2.6, 95% CI: 1.1, 6.1). Use of non-steroidal
anti-inflammatory drugs was not associated with the
risk. However, aspirin users with a moderate duration of
use experienced 70% reduced risk of NHL (OR: 0.3,
95% CI: 0.1, 0.9), but not for overall users (OR: 0.7,
95% CI: 0.4, 1.2) and longest users (OR: 1.4, 95% CI:
0.7, 2.9). The longest use of tranquilizers was associated
with a borderline increased risk of NHL (OR: 2.4, 95%
CI: 1.0, 5.6). On the other hand, the longest use of
estrogen replacement therapy was associated with a
40% reduced risk (OR: 0.6, 95% CI: 0.4, 0.9). The
reduced risk was also observed for overall users, but the
result was not statistically significant (OR: 0.7, 95% CI:
0.6, 1.0). A reduced risk was also associated with use of
HMG-CoA reductase inhibitors to lower cholesterol,
b-adrenergic blocking agents, and medications for non-
insulin dependent diabetes, but reached statistically
significant, only among those with a short or moderate
duration of use.
Table 5 presents the risks of NHL subtypes associated

with selected medications. Estrogen replacement therapy

was associated with a reduced risk for other immuno-
logic NHL (OR: 0.5, 95% CI: 0.3, 0.9) and diffuse large
B-cell lymphoma (OR: 0.6, 95% CI: 0.4, 0.9). HMG-
CoA reductase inhibitors were associated with a reduced
risk for B-cell NHL and B-cell chronic lymphocytic
leukemia (OR: 0.6, 95% CI: 0.4, 0.9; OR: 0.1, 95% CI:
0.0, 0.8, respectively). Aspirin use was associated with a
borderline reduced risk for diffuse large B-cell lymphoma
(OR: 0.4, 95% CI: 0.1, 1.0). Both b-adrenergic blocking
agents and non-insulin dependent diabetic medications
were associated with B-cell NHL (OR: 0.5, 95% CI: 0.3,
0.8; OR: 0.4, 95% CI: 0.2, 0.8, respectively) and diffuse
large B-cell lymphoma (OR: 0.4, 95% CI: 0.2, 0.9; OR:
0.4, 95% CI: 0.1, 0.9, respectively).
Use of tranquilizers was associated with an increased

risk of follicular lymphoma (OR: 2.4, 95% CI: 1.1, 4.9,
data not shown). No significantly increased risks of
NHL subtype were observed for steroidal anti-inflam-
matory drugs. However, increased ORs were observed
for B-cell NHL (OR: 1.5, 95% CI: 0.8, 2.8) and B-cell
chronic lymphocytic leukemia (OR: 2.6, 95% CI: 0.8,
8.1, data not shown).

Table 4. Prior medication use and risk of NHL by duration of use among Connecticut women

Medicine Durationa

All Short Moderate Long

Ca/Cob ORc (95% CI) Ca/Cob ORc (95% CI) Ca/Cob ORc (95% CI) Ca/Cob ORc (95% CI)

Immunosuppressant 4/1 5.9 (0.6–53.5) 1/1 1.4(0.1–23.9) 3/0 –

Anti-acne 8/6 2.2 (0.7–6.5) 1/2 1.0(0.1–11.0) 2/2 1.6(0.2–11.5) 5/2 3.9(0.7–20.8)

Anti-inflammatory drugs

(steroid)

25/19 1.5 (0.8–2.9) 3/4 0.9(0.2–4.1) 4/7 0.7(0.2–2.5) 18/8 2.6(1.1–6.1)

Anti-inflammatory drugs

(non-steroid excluding

aspirin)

38/38 1.0(0.6–1.7) 11/13 0.9(0.4–2.0) 18/13 1.4(0.7–3.0) 9/12 0.8(0.3–1.9)

Aspirin 29/45 0.7(0.4–1.2) 6/15 0.5(0.2–1.2) 4/15 0.3(0.1–0.9) 19/15 1.4(0.7–2.9)

Tranquilizers 28/27 1.3(0.8–2.3) 3/10 0.4(0.1–1.4) 9/9 1.4(0.5–3.5) 16/8 2.4(1.0–5.6)

Anti-convulsant drugs 11/10 1.3(0.6–3.2) 3/3 1.2(0.2–6.1) 4/3 1.7(0.4–7.5) 4/4 1.1(0.3–4.7)

Oral contraceptives 129/160 1.1(0.8–1.5) 51/53 1.3(0.8–2.1) 46/55 1.1(0.7–1.8) 32/52 0.8(0.5–1.3)

Estrogen replacement therapy 123/166 0.7(0.6–1.0) 40/52 0.7(0.5–1.1) 44/49 0.9(0.6–1.3) 38/65 0.6(0.4–0.9)

Pain relievers (excluding

aspirin)

17/19 1.0(0.5–2.0) 5/8 0.7(0.2–2.1) 3/5 0.7(0.2–3.2) 9/6 1.7(0.6–4.9)

Bronchodilators 17/19 1.0(0.5–2.0) 4/7 0.6(0.2–2.1) 8/7 1.3(0.5–3.6) 5/5 1.2(0.3–4.1)

Antidepressants 39/53 0.8(0.5–1.3) 18/18 1.1(0.6–2.1) 13/19 0.8(0.4–1.8) 8/16 0.6(0.2–1.4)

Thyroid hormones 68/86 0.9(0.6–1.2) 30/29 1.2(0.7–2.0) 20/34 0.6(0.3–1.1) 16/23 0.8(0.4–1.5)

Anti-histamines 16/20 0.9(0.5–1.8) 3/6 0.6(0.1–2.3) 6/8 0.8(0.3–2.4) 7/6 1.5(0.5–4.7)

Digitalis 15/24 0.7(0.4–1.4) 5/6 0.9(0.3–3.1) 4/10 0.5(0.2–1.6) 6/8 0.8(0.3–2.3)

HMG-CoA reductase

inhibitors

37/71 0.5(0.4–0.8) 10/28 0.4(0.2–0.8) 8/25 0.3(0.1–0.8) 19/18 1.2(0.6–2.3)

b-Adrenergic blocking agents 31/66 0.5(0.3–0.8) 6/19 0.3(0.1–0.8) 13/27 0.5(0.3–1.0) 12/19 0.7(0.3–1.5)

Non-insulin dependent

diabetic medications

22/40 0.5(0.3–0.9) 4/12 0.3(0.1–1.0) 8/15 0.4(0.2–1.1) 10/13 0.8(0.3–1.7)

a Categorizing duration into tertile based on the distribution of controls’ duration of use.
b Number of cases and controls.
c Adjusted for age, BMI, menopausal status, and family history of NHL in first degree relatives.

Past medical history and NHL risk 423



Discussion

In this population-based case–control study of NHL, an
excess risk was associated with a history of autoimmune
disorders, such as rheumatoid arthritis, lupus erythe-
matosus, Sjogren’s syndrome, and multiple sclerosis. An
increased risk was also observed for anemia, various disc
disease, eczema, and psoriasis. Use of steroidal anti-
inflammatory drugs and tranquilizers also showed an
increased risk. A reduced risk of NHL was observed for
subjects who had had scarlet fever and who had used
several medications, such as estrogen replacement ther-
apy, aspirin, HMG-CoA reductase inhibitors, b-adren-
ergic blocking agents, and non-insulin dependent
diabetic medications. The observed associations ap-
peared to vary based on NHL subtypes.
Our results linking autoimmune disorders to NHL

risk are consistent with previous epidemiological studies
[3–6, 32–34). An increased risk of NHL associated with
autoimmune disorders has been attributed to the dis-
turbance of immune system function and/or subsequent
immunosuppressive therapy among autoimmune disor-
der patients [4, 5]. Eczema and psoriasis, two chronic
skin conditions, were associated with an increased risk
of T-cell NHL in this study. Many previous clinical
reports have provided strong evidence for a positive
association between T-cell lymphoma and eczema [35,
36] consistent with our results. In addition, several
epidemiological studies [9–12] also reported an increased
risk of NHL associated with eczema. Psoriasis was
reported to be associated with an increased risk of NHL

by several previous studies [7, 14–16]. An increased risk
of NHL associated with these two skin conditions is
biologically plausible since immune deficiencies in
eczema or psoriasis patients are widespread [10, 11, 15].
Previous epidemiological studies have reported an

increased risk of high and low grade NHL [11] or no
association [7] associated with scarlet fever. In this
study, we found that scarlet fever, a disease caused by
group A streptococcus bacteria, is associated with a
reduced risk for B-cell NHL and B-cell chronic lym-
phocytic leukemia. Additional epidemiological studies
are needed to investigate the relationship. Anemia is a
common blood disorder with various causes including
nutrient deficiencies, blood loss, chronic diseases, med-
ical treatments, etc. The study by Bernstein and Ross
[13] reported an increased risk of NHL associated with
anemia. In addition, clinical studies [37, 38] have also
linked autoimmune hemolytic anemia and aplastic
anemia to NHL. Although the underlying mechanism
linking anemia to NHL is unclear, it could be due to the
underlying medical cause of anemia, or the subsequent
medical treatments associated with the disease.
Estrogen replacement therapy has been inconsistently

linked to NHL risk. An early result (seven year follow-
up) from the Iowa Women’s study reported [20] no
association between estrogen replacement therapy and
NHL risk. Five years later (13 years follow-up), the
authors [19] suggested an increased risk for follicular
NHL but not for diffuseNHL or small lymphocyteNHL.
An earlier study by Bernstein and Ross from Los

Angeles [13] reported an OR of 1.58 (95% CI: 1.09–

Table 5. Selected medications associated with decreased risk of NHL subtypes among Connecticut womena

NHL

subtype

Estrogen replacement

therapy

HMG-CoA reductase

inhibitors

Aspirin Beta-adrenergic

blocking agents

Non-insulin dependent

diabetic medications

Ca/Cob ORc

(95% CI)

Ca/Cob ORc

(95% CI)

Ca/Cob ORc

(95% CI)

Ca/Cob ORc

(95% CI)

Ca/Cob ORc

(95% CI)

Immunologic cell type

B-cell 102/166 0.8(0.6–1.0) 30/71 0.6(0.4–0.9) 21/45 0.7(0.4–1.1) 23/65 0.5(0.3–0.8) 14/40 0.4(0.2–0.8)

T-cell 81/166 0.8(0.3–1.7) 2/71 0.4(0.1–1.7) 2/45 0.7(0.2–3.1) 4/65 0.9(0.3–2.7) 1/40 0.3(0.0–2.2)

Other 13/166 0.5(0.3–0.9) 5/71 0.5(0.2–1.3) 6/45 1.0(0.4–2.5) 4/65 0.5(0.2–1.3) 7/40 1.3(0.5–3.2)

REALd classification

B-CLL 14/166 1.0(0.5–1.8) 1/71 0.1(0.0–0.8) 2/45 0.4(0.1–1.6) 4/65 0.5(0.2–1.6) 1/40 0.3(0.0–2.0)

FL 30/166 0.8(0.5–1.3) 7/71 0.5(0.2–1.1) 10/45 1.2(0.6–2.5) 7/65 0.5(0.2–1.2) 4/40 0.4(0.1–1.2)

MZBL 7/166 0.5(0.2–1.3) 3/71 0.6(0.2–2.0) 3/45 0.9(0.3–3.3) 3/65 0.7(0.2–2.2) 1/40 0.2(0.0–2.0)

DLBL 37/166 0.6(0.4–0.9) 13/71 0.7(0.4–1.3) 5/45 0.4(0.1–1.0) 8/65 0.4(0.2–0.9) 5/40 0.4(0.1–0.9)

a Selected based on overall 10 or more exposed both cases and controls, and at least one 95% confidence interval of NHL subtypes excluding

null value 1.0.
b Number of cases and controls.
c Adjusted for age, BMI, menopausal status, and family history of NHL in first degree relatives.
d B-CLL – B-cell chronic lymphocytic leukemia; FL – Follicular lymphoma; MZBL – Marginal zone B-cell lymphoma; DLBL – Diffuse large

B-cell lymphoma.
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2.29) for women who had reported using estrogen
replacement therapy for more than 12 months com-
pared to those who had never used estrogen replacement
therapy. In their more recent study [23] that only
included women diagnosed with high or intermediate
grade NHL, the authors reported a 40% risk reduction
for NHL associated with hormone replacement therapy
(HRT) (OR: 0.60, 95% CI: 0.31–1.18). The study also
found that use of oral contraceptives was related to a
reduced risk (OR: 0.47, 95% CI: 0.26–0.85). Use of
lactation suppressants (which contain high levels of
long-acting estrogens) in this study was also found to be
associated with a reduced risk of NHL (OR: 0.45, 95%
CI: 0.27–0.75). A recent study from the Netherlands by
Beiderbeck et al. [39] observed an OR of 0.5 (95% CI:
0.2–1.2) for ever users of estrogen HRT. Our study
results also showed a reduced risk of NHL, with a
significantly reduced risk observed for the longest
duration of use. Several recent studies have also
suggested an inverse relationship between pregnancy,
parity and NHL risk [40, 41] although the results linking
pregnancy or live birth to NHL risk have been incon-
sistent.
As discussed elsewhere [42], an inverse relationship

between NHL risk and HRT, OC use, and pregnancy is
biologically plausible [43–50]. Recent studies have
shown that estrogen replacement therapy could reduce
the secretion of interleukin-6, a potent lymphoid growth
and differentiation cytokine [43–47]. Among postmeno-
pausal women, use of HRT has been shown to be
inversely associated with body levels of IL-6 [46, 47]. In
experimental studies, 17b-estradiol has been shown to
decrease IL-6 secretion [48, 49]. Thus, increased expo-
sure to estrogens from HRT, OC use or pregnancy
would cause a reduction in secretion of IL-6. Studies
have shown that higher serum level of interleukin-6 was
associated with an increased risk of NHL [50]. There-
fore, a reduced secretion of interleukin-6 from increas-
ing estrogen exposure due to HRT, OC use and
pregnancy would result in a reduced risk of NHL.
One of our major findings of the study is that long-

term use of steroidal anti-inflammatory drugs was
associated with an increased risk of NHL, whereas
non-steroidal anti-inflammatory drug (excluding aspirin)
use was not. The observed relationship is biologically
plausible since steroidal anti-inflammatory drugs are
immunosuppressive agents while non-steroid anti-
inflammatory drugs are not. The small number of
exposed cases and controls, however, limited our statis-
tical power to investigate the relationship by NHL
subtypes. Several earlier studies also showed a relation-
ship between anti-inflammatory drugs and risk of NHL.
A study from Los Angeles by Bernstein and Ross [13]

reported an increased risk of NHL with increasing
duration of corticosteroid use and aspirin/other pain
reliever use. A study by Doody et al. [51] found a weak
increased risk of NHL associated with corticosteroids
use. A recent study in upstate New York by Kato et al.
[52] reported that both steroidal and non-steroidal anti-
inflammatory drugs are associated with an increased risk
of NHL. Another study by Holly et al. [53] reported a
reduced risk of NHL associated with non-steroidal anti-
inflammatory drugs. Aspirin use was associated with a
reduced risk of NHL in our study, which is in conflict
with an increased risk as reported by Bernstein and Ross
[13]. The study by Bernstein and Ross, however, included
recent aspirin use in their analyses, which may inflate the
association since recent use of aspirin may be a part of
the treatment for symptoms caused by NHL. But a
recent prospective cohort study among postmenopausal
women in Iowa by Cerhan et al. [54] reported an
increased risk of NHL associated with aspirin and other
non-steroidal anti-inflammatory drugs.
A more than twofold increased risk of follicular

lymphoma was found among tranquilizer users, mainly
among longer-term users. Two earlier case–control
studies have also reported an increased risk of NHL
associated with use of tranquilizers [11, 13], while
another case–control study [29] reported no association
between sustained benzodiazepine use and NHL risk.
Several strengths of our study should be considered in

interpreting our results. First, the use of incident cases of
NHL which were histologically confirmed by experi-
enced study pathologists minimized disease misclassifi-
cation. Histologic confirmation also allowed for the
investigation of the relationship by subtypes of NHL,
which is important when studying the etiology of NHL,
a heterogeneous group of lymphomas. Second, using a
rapid case identification system to identify all eligible
NHL cases eliminated survival bias given the aggressive
nature of NHL. Third, a relatively large sample size
allowed the study to have more power to assess the
relationship by various medical history characteristics
including the starting age and the duration of medica-
tion use, and by NHL subtypes, as well as controlling
for potential confounding. And finally, population-
based study design reduces the potential for bias due
to increased medication use by hospital patients seen in
hospital-based studies.
One of the concerns of this study is the self-reported

nature of the information on prior medical conditions
and medication use rather than reviewing medical
records. However, differential misclassification of expo-
sure is unlikely since both the interviewers and the
interviewees did not know the study hypothesis related
to medical history. Also, unlike breast cancer and other
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well-known diseases, little is known about the relation-
ship between past medical history and risk of NHL by
the study participants and interviewers. An over-report
of past medical conditions by the cases also cannot
explain the observed inverse relationships between past
medical conditions and medication use and NHL risk
found in our study.
Another concern for population-based epidemiologi-

cal studies is the relative low participation rate from the
eligible cases and controls, particularly the older con-
trols. Since so little is known about the relationship
between past medical history and medication use and
NHL risk, it is unlikely that subject refusal to participate
in the study was related to their past specific medical
conditions. Also, the fact that our major findings are
consistent with previous epidemiological studies lends
support to its validity.
While our study included more than 600 female cases

and 700 sex-matched controls, the statistical power to
investigate the relationship by NHL subtype is still
limited, especially for exposures with low frequencies in
the study population. Finally, some associations would
be expected based on chance alone, given multiple
statistical comparisons made by numerous medical
conditions and medications used in this study.
In summary, several medical conditions and medica-

tion uses have been linked to NHL risk in this
population-based case–control study in Connecticut
women. An increased risk of NHL observed among
women who had a history of autoimmune disorders is
consistent with previous observations that primary or
acquired immunosuppression, or autoimmune disorders
are risk factors for NHL. An increased risk of NHL for
women who had used steroidal anti-inflammatory drugs
was also consistent with three recent studies and this
relationship is biologically plausible since steroidal anti-
inflammatory drugs are immunosuppressive agents. The
observation that a reduced risk of NHL is associated
with HRT is also supported by several recent epidemi-
ological studies linking HRT, oral contraceptive use,
and pregnancy to a reduced risk of NHL. Our study
results also suggest that the risk related to past medical
history and medication use appears to vary by NHL
subtypes. Since so little is known about the etiology of
NHL, future studies are warranted to further investigate
the relationships.
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